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ABSTRACT 
T h i s  paper  p r e s e n t s  p r e l i m i n a r y  r e s u l t s  of a  
s t u d y  of e l e c t r i c a l  energy c o n s e r v a t i o n  and peak 
demand r e d u c t i o n  p o t e n t i a l  f o r  t h e  b u i l d i n g  s e c t o r  
i n  Texas.  S t a r t i n g  from 1980 b u i l d i n g  s t o c k s  and 
energy u s e  c h a r a c t e r i s t i c s ,  t e c h n i c a l  c o n s e r v a t i o n  
p o t e n t i a l s  were c a l c u l a t e d  r e l a t i v e  t o  f r o z e n  energy 
e f f i c i e n c y  s t o c k  growth over  t h e  1980-2000 p e r i o d .  
The a p p l i c a t i o n  of c o n s e r v a t i o n  supp ly  methodology 
t o  Texas u t i l i t i e s  is  o u t l i n e d ,  and t h e n  t h e  energy 
u s e  and peak demand s a v i n g s ,  and t h e i r  a s s o c i a t e d  
c o s t s ,  a r e  c a l c u l a t e d  us ing  a  p r o t o t y p i c a l  b u i l d i n g  
t echn ique .  R e p r e s e n t a t i v e  r e s u l t s  a r e  p r e s e n t e d ,  
f o r  r e s i d e n t i a l  and commercial  b u i l d i n g  t y p e s ,  a s  
conse rva t ion  supp ly  c u r v e s  f o r  s e v e r a l  end u s e  
c a t e g o r i e s ;  complete  r e s u l t s  of t h e  s t u d y  a r e  
p re sen ted  i n  Ref. 1. 
INTRODUCTION 
The P u b l i c  U t i l i t y  Commission (PUC) of Texas 
h a s  r e c e n t l y  r ecogn ized  t h e  need t o  deve lop  a  
s t a n d a r d i z e d  approach t o  t h e  a s se s smen t  of conser-  
v a t i o n  and peak demand r e d u c t i o n  p o t e n t i a l s  and t h e  
t o o l s  f o r  such a n  a n a l y s i s .  Thus ,  t h e  Cen te r  f o r  
Energy S t u d i e s  a t  The U n i v e r s i t y  of Texas a t  A u s t i n ,  
working j o i n t l y  w i t h  Lawrence Berkeley  Labora to ry  
(LBL), was c o n t r a c t e d  t o  conduct  a  p r e l i m i n a r y  
a n a l y s i s  of t h e  t e c h n i c a l  p o t e n t i a l  f o r  e l e c t r i c a l  
energy c o n s e r v a t i o n  and peak demand r e d u c t i o n  i n  t h e  
b u i l d i n g  s e c t o r  o f  Texas.  The s t u d y  used t h e  con- 
s e r v a t i o n  supp ly  p o t e n t i a l  methodology developed a t  
LBL ( 2 ,  3 ) ,  i n  which t h e  b a s i s  of a  c o n s e r v a t i o n  
supp ly  p o t e n t i a l  cu rve  i s  t h e  Cost of Conserved 
Energy (CCE) f o r  a  g iven  c o n s e r v a t i o n  measure.  The 
c o s t  of conserved energy is  t h e  a n n u a l  ( amor t i zed )  
c o s t  o f  implementing t h e  measure d i v i d e d  by t h e  
annua l  energy s a v i n g s  o f  t h e  measure.  The amor t i -  
z a t i o n  i s  c a r r i e d  o u t  over  t h e  l i f e t i m e  of t h e  
measure,  o r  a  s h o r t e r  pe r iod  a c c e p t a b l e  t o  t h e  i n -  
v e s t o r .  A c o n s e r v a t i o n  supp ly  cu rve  i s  a  p l o t  of 
t h e  c o s t  of conserved energy v e r s u s  t h e  p o t e n t i a l  
s a v i n g s  ( o r  peak demand r e d u c t i o n ) ,  accumulated  o v e r  
t h e  b u i l d i n g  s t o c k ,  of a  s e t  of e f f i c i e n c y  i n v e s t -  
ments assumed t o  be  made on t h e  b u i l d i n g  s t o c k  f o r  
a  geograph ic  r e g i o n .  The i n t e n t  of a  supp ly  cu rve  
i s  t o  i d e n t i f y  p o t e n t i a l s ,  w i thou t  r e g a r d  t o  method 
of implementa t ion ,  and a s  such ,  supp ly  c u r v e s  a r e  
n o t  f o r e c a s t s .  
Although t h e  s t u d y  a s s e s s e d  bo th  t e c h n i c a l  and 
pol icy/program i s s u e s  ( I ) ,  o n l y  t h e  t e c h n i c a l  i s s u e s  
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a r e  r e p o r t e d  i n  t h i s  pape r .  The s t a r t i n g  p l a c e  was 
t h e  s t a t e ' s  p r e s e n t  e l e c t r i c  l oad  c h a r a c t e r i s t i c s  a s  
documented i n  a  r e c e n t  PUC f o r e c a s t  of f u t u r e  demand 
i n  Texas ( 4 ) .  P o t e n t i a l s  were  c a l c u l a t e d  f o r  a  
20-year h o r i z o n  from 1980-2000. 
T h i s  paper  summarizes t h e  methodology used and 
p r e s e n t s  r e s u l t s  f o r  r e p r e s e n t a t i v e  b u i l d i n g  t y p e s  
and c o n s e r v a t i o n  measures  t h a t  were  s t u d i e d .  Bui ld-  
i n g  t y p e s  a c c o u n t i n g  f o r  o n l y  18% of r e s i d e n t i a l  and 
18% of commercial  e l e c t r i c i t y  u s e  a r e  r e p o r t e d  h e r e ;  
complete  r e s u l t s  a r e  p r e s e n t e d  i n  Ref.  1. 
USE OF ELECTRICITY I N  BUILDINGS IN TEXAS 
A b a s e l i n e  energy u s e  and peak demand f o r  1980 
was chosen a s  t h e  r e f e r e n c e  a g a i n s t  which we deve l -  
oped t h e  c o n s e r v a t i o n  p o t e n t i a l s .  Each p r o s p e c t i v e  
c o n s e r v a t i o n  o r  peak l o a d  r e d u c t i o n  measure was 
a p p l i e d  t o  a g g r e g a t e  b u i l d i n g  s t o c k s  i n  Texas a s  
t h e  1980 s t o c k s  were  p r o j e c t e d ,  assuming a  f r o z e n  
energy e f f i c i e n c y ,  t o  t h e  y e a r  2000. 
R e s i d e n t i a l  and commercia l  b u i l d i n g s  i n  Texas 
accounted  f o r  e l e c t r i c a l  ene rgy  s a l e s  o f  103.4  b i l -  
l i o n  k i l o w a t t  hou r s  (BkWh) i n  1980 ( 4 ) .  Our a n a l y s i s  
of c o n s e r v a t i o n  measures  was a p p l i e d  t o  a l l  of t h e  
Texas r e s i d e n t i a l  b u i l d i n g  s t o c k ,  agg rega ted  by t h r e e  
s i n g l e - f a m i l y  c a t e g o r i e s  ( c a l l e d  SFD-1, SFD-2, and 
SFD-3) and one  m u l t i f a m i l y  c a t e g o r y  (MFD) t h a t  a r e  
d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  However, because  of 
t ime  c o n s t r a i n t s ,  i n  t h e  commercial  b u i l d i n g  c a t e -  
gory  we cons ide red  on ly  o f f i c e  b u i l d i n g s  (OFF), 
r e t a i l  s t o r e s  (RET), and e d u c a t i o n a l  b u i l d i n g s  (EDUC) 
t h a t  make up abou t  45% of t h e  commercial  b u i l d i n g  
e l e c t r i c  energy use .  F i g u r e s  1 and 2  show t h e  
'Jreakdown of 1980 s t a t e w i d e  a n n u a l  e l e c t r i c i t y  
consumption and peak demand, r e s p e c t i v e l y ,  f o r  
t h e s e  b u i l d i n g  t y p e s  (5 .  6 ) .  
Sources  of s t a t e w i d e  d a t a  on b u i l d i n g  s t o c k s  
and energy u s e  c h a r a c t e r i s t i c s  a r e  s p o t t y  and incom- 
? l e t e ;  however,  p r e l i m i n a r y  e s t i m a t e s  of t h e  needed 
J a t a  were  compiled from s e v e r a l  s o u r c e s .  B u i l d i n g  
s t o c k  and energy u s e  d a t a  f o r  t h e  1980 base  y e a r  
x e r e  e s t a b l i s h e d  from a  combina t ion  of Department 
of Energy/Energy In fo rma t ion  A d m i n i s t r a t i o n  (DOEIEIA) 
s o u r c e s ,  supplemented by c e n s u s  d a t a  and u t i l i t y  
d a t a .  Data on r e s i d e n t i a l  b u i l d i n g s  f o r  t h e  Sou the rn  
US census  r e g i o n  a r e  pub l i shed  i n  t h e  R e s i d e n t i a l  
Energy Consumption Survey (RECS) (5)  p u b l i s h e d  by 
t h e  DOE/EIA. These  d a t a  i n c l u d e  r e g i o n a l - a g g r e g a t e  
and bu i ld ing -ave rage  ene rgy  u s e  by f u e l  t y p e  and 
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Fig .  1. Texas e l e c t r i c i t y  consumption i n  1980 b a s e  
y e a r  by b u i l d i n g  type .  
t ype  of dwe l l i ng ,  a s  w e l l  a s  u t i l i t y  b i l l s  and b u i l d -  
ing  c h a r a c t e r i s t i c s .  For commercial  b u i l d i n g s  we 
used s i m i l a r  d a t a  from t h e  N o n r e s i d e n t i a l  Bu i ld ings  
Energy Consumption Survex  (NBECS) ( 6 )  pub l i shed  by 
t h e  DOEIEIA. I n  t h i s  document t o t a l  b u i l d i n g s ,  
ave rage  s i z e  pe r  b u i l d i n g ,  and energy consumption 
pe r  b u i l d i n g  a r e a  and p e r  employee a r e  g iven  by 
b u i l d i n g  t y p e  and f u e l  t y p e  f o r  t h e  Southern  US 
census  r e g i o n .  However, no  breakdowns of d a t a  a r e  
a v a i l a b l e  by s t a t e .  
To o b t a i n  a g g r e g a t e  Texas b u i l d i n g  s t o c k s ,  we 
used r e s i d e n t i a l  (7 )  and commercial  ( 8 )  census  d a t a  
f o r  1980 i n  con junc t ion  w i t h  t h e  RECS and NBECS d a t a .  
By combining census  d a t a  f o r  t h e  number of employces 
i n  Texas w i t h  d a t a  on energy u s e  pe r  employee and 
b u i l d i n g  a r e a  per  employee from NBECS, we e s t i m a t e d  
t h e  b u i l d i n g  a r e a s  f o r  t h e  s t a t e  by b u i l d i n g  type .  
Texas u t i l i t y  d a t a  were then  used t o  develop t h e  
d i s t r i b u t i o n  of b u i l d i n g s  by f u e l  t y p e ,  peak demand 
d i v e r s i t y  f a c t o r s ,  b u i l d i n g  the rma l  i n t e g r i t y ,  
c l i m a t e  zone,  and a p p l i a n c e  s a t u r a t i o n s .  Bu i ld ing  
s t o c k  growth r a t e s  were e s t i m a t e d  from r e g i o n a l  
popu la t ion  and employment census  d a t a .  Also ,  energy 
a u d i t  d a t a  from t h e  Bonnev i l l e  Power A u t h o r i t y  ( 9 )  
were used f o r  a d d i t i o n a l  a p p l i a n c e  and l i g h t i n g  
s a t u r a t i o n s  where t h e s e  c h a r a c t e r i s t i c s  were deemed 
n o t  t o  b e  r e g i o n a l l y  s e n s i t i v e .  
From t h e  m u l t i p l e  d a t a  s o u r c e s  d e s c r i b e d  above 
we used b u i l d i n g  s t o c k  d a t a  and energy u s e  p r o f i l e s  
gene ra t ed  by o u r  p r o t o t y p i c a l  b u i l d i n g  models t o  
c a l c u l a t e  t o t a l  e l e c t r i c a l  energy u s c  and peak 
demand i n  t h e  r e s i d e n t i a l  and commercial b u i l d i n g  
s e c t o r s .  These a g g r e g a t e  numbers were a d j u s t e d  t o  
match a c t u a l  1980 PUC s t a t e w i d e  t o t a l s  f o r  e l e c t r i c a l  
energy u s e  and c o i n c i d e n t  (summer) peak demand t o  
e s t a b l i s h  a  c o n s i s t e n t  r e f e r e n c e  f o r  t h e  c o n s e r v a t i o n  
p o t e n t i a l s  . 
APPLICATTON OF METHODOLOGY TO TEXAS 
CALCULATION OF CONSERVATION POTENTIALS 
Conservat ion  and peak load  r e d u c t i o n  p o t e n t i a l s  
were c a l c u l a t e d  u s i n g  r e a l i s t i c  assumpt ions  about  
t h e  t he rma l  i n t e g r i t y  of t h e  b u i l d i n g s  and abou t  
t h e i r  l i g h t i n g ,  a p p l i a n c e s ,  and h e a t i n g l c o o l i n g  
Fig .  2 .  Texas peak demand i n  1980 b a s e  y e a r  by 
b u i l d i n g  type .  
equipment.  P o t e n t i a l  energy s a v i n g s  were  c a l c u l a t e d  
us ing  a  p r o t o t y p i c a l  b u i l d i n g  concep t .  To g e n e r a t e  
t h e  supp ly  c u r v e s ,  t h e  p r o j e c t i o n s  of energy s a v i n g s  
p o t e n t i a l s  were  summed o v e r  t h e  b u i l d i n g  p o p u l a t i o n  
by app ly ing  t h e  s a v i n g s  f o r  t h e  p r o t o t y p i c a l  b u i l d -  
i n g s ,  u s i n g  an  e l i g i b l e  f r a c t i o n ,  t o  t h e  b u i l d i n g  
s t o c k  r e p r e s e n t e d  by t h a t  p r o t o t y p e .  The e l i g i b l e  
f r a c t i o n  i s  an e s t i m a t e  t h a t  t a k e s  i n t o  accoun t  t h e  
p o r t i o n  of t h e  s t o c k  t o  which t h e  measure has  a l r e a d y  
been a p p l i e d  and t h e  p o r t i o n  f o r  which i t  i s  phys i ca l -  
l y  imposs ib l e  t o  implement t h e  measure .  
A key c h a r a c t e r i s t i c  of t h e  supp ly  c u r v e s  is  
t h a t  t h e  cumula t ive  energy s a v i n g s  ( o r  peak demand 
r e d u c t i o n s )  were c a l c u l a t e d  r e l a t i v e  t o  t h e  b a s e l i n e  
(yea r  z e r o )  b u i l d i n g  energy e f f i c i e n c y  t h a t  was 
assumed f r o z e n  over  t h e  20-year a n a l y s i s  p e r i o d .  
Although t h e  b u i l d i n g  s t o c k  would be  expected  t o  
improve i n  energy e f f i c i e n c y  a s  a  r e s u l t  of market 
f o r c e s  and o t h e r  n a t u r a l  means, t h e  p o t e n t i a l s  
c a l c u l a t e d  inc luded  t h e s e  improvements p l u s  t h o s e  
t h a t  might be  c a p t u r e d  th rough  energy c o n s e r v a t i o n  
o r  r e g u l a t o r y  programs. 
Another s i g n i f i c a n t  c h a r a c t e r i s t i c  of t h e  supp ly  
c u r v e s  is t h a t  a n n u a l  s a v i n g s  were c a l c u l a t e d  on an  
i n c r e m e n t a l  b a s i s ,  ranked by t h e  CCE. That i s ,  t h e  
CCE o f  each  measure was c a l c u l a t e d  assuming t h a t  t h e  
p r e v i o u s  measures  i n  t h e  s e t  had been implemented. 
Thus,  t h e  sequence  i n  which measures  a r e  implemented 
is impor t an t .  Our approach was t o  assume t h a t  
measures  a r e  implemented i n  t h e  optimum economic 
sequence  w i t h i n  each measure c a t e g o r y ;  t h e  measure 
w i t h  t h e  lowest  C C E  was done f i r s t .  However, t h i s  
is n o t  a lways  t h e  c a s e  and v a r i a t i o n s  w i l l  be 
exp la ined  a s  t hey  a r i s e .  
I\ f u r t h c r  problem a r i s e s  when a  s e t  of a l t e r -  
n a t i v e  measures ,  such a s  shad ing  d e v i c e s ,  add res -  
s e s  t h e  same load  component. In  such c a s e s ,  
t h e  CCE was compared w i t h i n  t h e  s e t .  and o n l y  t h e  
measure of l owes t  c o s t  was assumed t o  be  implemented. 
F i n a l l y ,  o n l y  t h e  t e c h n i c a l  c o s t  t o  t h e  con- 
sumer,  i . e . ,  t h e  l i f e - c y c l e  c o s t  f o r  m a t e r i a l  and 
l a b o r  t o  t h e  b u i l d i n g  owner o r  o p e r a t o r ,  was used 
f o r  each measure.  Program c o s t s  t o  a  u t i l i t y  o r  
government t o  i nduce  t h e  implementa t ion  were n o t  
i nc luded  . 
I n  deve lop ing  supp ly  c u r v e s  f o r  peak demand 
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r e d u c t i o n ,  o u r  a p p r o a c h  was t o  a s s e s s  t h e  summer 
peak  l o a d  r e d u c t i o n  e f f e c t  f o r  e a c h  m e a s u r e  on 
e a c h  p r o t o t y p i c a l  b u i l d i n g  u s i n g  t h e  DOE-2 h o u r l y  
b u i l d i n g  e n e r g y  a n a l y s i s  program ( 1 0 ) .  T h i s  
i d e n t i f i e d  t h e  summer peak  h o u r  demand. A  30% p e a k  
l o a d  d i v e r s i t y  f a c t o r ,  o b t a i n e d  f rom T e x a s  u t i l i t y  
d a t a ,  was t h e n  a p p l i e d .  
PROTOTYPICAL BUILDINGS 
The most  i m p o r t a n t  b u i l d i n g  t y p e s ,  b a s e d  on 
e n e r g y  i n t e n s i t y  and  s t o c k w i d e  e n e r g y  u s e ,  w e r e  
s e l e c t e d .  E x i s t i n g  commerc ia l  b u i l d i n g  p r o t o t y p e s  
d e v e l o p e d  i n  ASHRAE S p e c i a l  P r o j e c t  4 1  (11)  were  
u s e d .  T h e s e  models  i n c l u d e d  DOE-2 i n p u t  f i l e s  t h a t  
r e f l e c t e d  a s - b u i l t  c o n d i t i o n s  o f  a c t u a l  b u i l d i n g s  
t h a t  w e r e  j u d g e d  t o  b e  t y p i c a l  i n  t h e i r  d e s i g n .  The 
r e s i d e n t i a l  p r o t o t y p e s  were m o d i f i c a t i o n s  of  p r o t o -  
t y p e s  d e v e l o p e d  f o r  a  r e s i d e n t i a l  e n e r g y  a u d i t  manual  
p r e p a r e d  f o r  t h e  S t a t e  o f  Texas  ( 1 2 ) ,  a d j u s t e d  u s i n g  
t louston L i g h t i n g  and Power e n e r g y  a u d i t  r e s u l t s .  
The commerc ia l  b u i l d i n g  b a s e  c a s e  models  w e r e  ad- 
j u s t e d  t o  r e f l e c t  ASHRAE S t a n d a r d  90-75, w h i c h  was 
c o n s i d e r e d  t o  be  a n  a v e r a g e  of  a  w i d e  r a n g e  of  
b u i l d i n g  v i n t a g e s  . 
T h r e e  s i n g l e - f a m i l y  r e s i d e n t i a l  c l a s s e s  were 
i d e n t i f i e d  r e p r e s e n t i n g  o l d ,  r e c e n t ,  and new con- 
s t r u c t i o n  p r a c t i c e s  and t h e  medians  OF t h r e e  r a n g e s  
o f  t y p i c a l  h o u s e  s i z e s .  D e t a i l e d  d e s c r i p t i o n s  o f  
t h e  f o l l o w i n g  s e v e n  p r o t o t y p i c a l  b u i l d i n g s  a r e  g i v e n  
i n  Ref.  1. 
1. S i n g l e - f a m i l y  d w e l l i n g  1 (SFD-1); 63% o f  
t h e  s i n g l e - f a m i l y  r e s i d e n t i a l  e l e c t r i c i t y  u s e .  P r e -  
1 9 6 1  c h a r a c t e r i s t i c s ,  p o o r l y  i n s u l a t e d  (R-11 c e i l i n g ,  
R-2 w a l l s )  , pier-and-beam c o n s t r u c t  i o n ,  1000 f  t2. 
r e p r e s e n t i n g  a l l  o l d  f r a m e  c o n s t r u c t i o n ,  and  m o b i l e  
homes of  a l l  a g e s ;  i n c l u d e s  a  room a i r  c o n d i t i o n e r  
i n  80% o f  t h e  s t o c k .  
2 .  S i n g l e - f a m i l y  d w e l l i n g  2  (SFD-2); 24% o f  
t h e  s i n g l e - f a m i l y  r e s i d e n t i a l  e l e c t r i c i t y  u s e .  1961- 
73 c h a r a c t e r i s t i c s  (R-19 c e i l i n g ,  R - 1 1  w a l l s ) ,  s l a b -  
on-grade  c o n s t r u c t i o n ,  1 6 3 0  f t 2 ,  r e p r e s e n t i n g  re- 
c e n t  t r e n d s  i n  t r a c t  h o u s i n g  i n  t h e  1200-2000 f t 2  
r a n g e ;  i n c l u d e s  c e n t r a l  a i r  c o n d i t i o n i n g .  
3.  S ing le -Fami ly  d w e l l i n g  3  (SFD-3); 13% of 
t h e  s i n g l e - f a m i l y  r e s i d e n t i a l  e l e c t r i c i t y  u s e .  
1 9 7 4 - p r e s e n t  c h a r a c t e r i s t i c s  and new c o n s t r u c t i o n  
(R-19 c e i l i n g ,  R - 1 1  w a l l s ) ,  s l a b - o n - g r a d e ,  2600 f  t 2 ,  
r e p r e s e n t i n g  c u r r e n t  c o n s t r u c t i o n  ( p o s s i b l y  2 - s t o r y )  
homes l a r g e r  t h a n  2000 f t 2 ;  i n c l u d e s  c e n t r a l  a i r  
c o n d i t i o n i n g .  
4.  N u l t i f a m i l y  d w e l l i n g  (XFD). A  l a r g e  a p a r t -  
ment complex was u s e d  t o  r e p r e s e n t  a l l  a p a r t m e n t s ,  
d u p l e x e s ,  condominiums,  and townhomes. 
5 .  O f f i c e  b u i l d i n g  (OFF). A medium s i z e  (3- 
s t o r y ,  49 ,000  f t 2 )  o f f i c e  b u i l d i n g  was u s e d  t o  
r e p r e s e n t  a l l  o f f i c e  s p a c e  i n c l u d i n g  h i g h  r i s e ,  
s i n g l e  s t o r y ,  and o f f i c e  p a r k s .  
6 .  R e t a i l  s t o r e  (RET). A  two-zone s t r i p  s t o r e  
(12 ,000  f t L )  was u s e d  t o  r e p r e s e n t  a l l  r e t a i l  
e s t a b l i s h m e n t s .  
7 ,  E d u c a t i o n a l  b u i l d i n g  (EDUC) . A  113,000  f  t2 
h i g h  s c h o o l  was  used  t o  r e p r e s e n t  a l l  e l e m e n t a r y ,  
s e c o n d a r y ,  and h i g h e r  e d u c a t i o n  i n s t i t u t i o n s .  
A c l i m a t e  s e n s i t i v i t y  s t u d y  i n d i c a t e d  t h a t  t h r e e  
c l i m a t e  z o n e s  f o r  r e s i d e n t i a l  and  two f o r  c o m m e r c i a l  
b u i l d i n g s  would a d e q u a t e l y  r e p r e s e n t  w e a t h e r - d e p e n d e n t  
e n e r g y  u s e  p a t t e r n s :  
Zone 1 - C o a s t a l  p r a i r i e s ,  l o w e r  v a l l e y ,  and 
p a r t  o f  p i n e  be& -- s u b t r o p i c a l  c l i m a t e ,  h o t l h u m i d  
summers, m i l d  w i n t e r s  ( r e p r e s e n t e d  by Hous ton)  
Zone 2  - C e n t r a l l n o r t h  c e n t r a l  -- h o t l d r y  
summers, m o d e r a t e  w i n t e r s  ( r e p r e s e n t e d  by F t .  Worth)  
Zone 3  - P a n h a n d l e  -- h o t / d r y  summers, c o l d  
w i n t e r s ,  l a r g e  d i u r n a l  a n d  s e a s o n a l  v a r i a t i o n s ,  
h i g h e r  e l e v a t i o n s  ( r e p r e s e n t e d  by Lubbock) 
Based on  1 9 8 0  c e n s u s  d a t a  f o r  a l l  254 Texas  
c o u n t i e s ,  t h e  p o p u l a t i o n  and  economic  a c t i v i t y  d i s -  
t r i b u t i o n  is a p p r o x i m a t e l y  33% i n  Zone 1, 622 i n  
Zone 2 ,  and 5% i n  Zone 3 .  
The t h r e e  s i n g l e - f a m i l y  r e s i d e n t i a l  b u i l d i n g  
t y p e s  w e r e  u s e d  t o  r e p r e s e n t  t h e  r a n g e  o f  h o u s e  
v i n t a g e s ;  commerc ia l  b u i l d i n g s  and m u l t i f a m i l y  
h o u s i n g  were  n o t  d i s t i n g u i s h e d  a s  t o  a g e .  Two F u e l  
t y p e  c l a s s i f i c a t i o n s  w e r e  u s e d :  a l l - e l e c t r i c  a n d  
m i x e d - f u e l .  A l l - e l e c t r i c  b u i l d i n g s  u s e  e l e c t r i c i t y  
f o r  a l l  end u s e s  w h e r e a s  m i x e d - f u e l  b u i l d i n g s  u s e  
e l e c t r i c i t y  f o r  c o o l i n g ,  l i g h t i n g .  and  m i s c e l l a n e o u s  
equipment  and f o s s i l  f u e l  f o r  h e a t i n g  and  d o m e s t i c  
h o t  w a t e r .  
CHARACTERISTICS OF BASELINE PROTOTYPICAL BUILDINGS 
The a g g r e g a t e  s t o c k  and a v e r a g e  e l e c t r i c i t y  u s e  
c h a r a c t e r i s t i c s  of  t h e  b a s e l i n e  (1980) p r o t o t y p i c a l  
b u i l d i n g s  a r e  shown i n  T a b l e s  1 and 2 .  The b a s e  c a s e  
e n e r g y  u s e  f o r  e a c h  p r o t o t y p e  was c a l c u l a t e d  u s i n g  
t h e  Computer ized  I n s t r u m e n t e d  R e s i d e n t i a l  A u d i t  
(CIRA) (13)  e n e r g y  a n a l y s i s  p rogram f o r  t h e  s i n g l e -  
f a m i l y  r e s i d e n c e s  and  DOE-2 ( 1 0 )  f o r  t h e  m u l t i f a m i l y  
and commerc ia l  b u i l d i n g s .  However, DOE-2 was u s e d  
t o  c a l c u l a t e  p e a k  l o a d s  f o r  a l l  t h e  p r o t o t y p e s .  
CONSERVATION MEASURES CONSIDERED AND THEIR COSTS 
The sets of c o n s e r v a t i o n  m e a s u r e s  c o n s i d e r e d  f o r  
e a c h  b u i l d i n g  t y p e ,  c a t e g o r i z e d  by end u s e  compon- 
e n t ,  a r e  l i s t e d  be low.  R e s i d e n t i a l  b u i l d i n g  m e a s u r e s  
w e r e  g r o u p e d  b y  t h e  c a t e g o r i e s  o f  h e a t i n g  a n d  c o o l i n g .  
and a p p l i a n c e s .  Commercial  b u i l d i n g  m e a s u r e s  w e r e  
grouped  by e n v e l o p e ,  HVAC s y s t e m s ,  and  l i g h t i n g / m i s -  
c e l l a n e o u s  e q u i p m e n t  c a t e g o r i e s .  Coupled  e f f e c t s  
( e . g . ,  c o o l i n g  i m p l i c a t i o n s  o f  l i g h t i n g )  w e r e  ac-  
c o u n t e d  f o r  w i t h i n  e a c h  m e a s u r e  c a t e g o r y .  H e a s u r e s  
t h a t  p r e s e n t e d  s i g n i f i c a n t  m o d e l i n g  p r o b l e m s  o r  t h a t  
w e r e  j u d g e d  t o  h a v e  m i n o r  i m p a c t  o n  e l e c t r i c a l  e n e r g y  
u s e  o r  peak  demand w e r e  n o t  a n a l y z e d  i n  t h i s  s t u d y .  
The c o s t  components  c o n s i d e r e d  f o r  b o t h  new and  
r e t r o f i t  a p p l i c a t i o n s  i n c l u d e d  d e s i g n  a n d  a n a l y s i s ,  
m a t e r i a l s ,  l a b o r ,  m a i n t e n a n c e ,  and f i n a n c i n g ;  a  1 0 %  
r e a l  d i s c o u n t  r a t e  was u s e d  f o r  a l l  c a s e s .  B e c a u s e  
o f  d i f f i c u l t i e s  i n  w o r k i n g  a r o u n d  e x i s t i n g  m e c h a n i c a l .  
s t r u c t u r a l ,  o r  e l e c t r i c a l  s y s t e m s ,  t h e  r e t r o f i t  c o s t s  
u s u a l l y  d i f f e r  f rom t h o s e  i n  a  new b u i l d i n g .  A l -  
t h o u g h  i m p l e m e n t a t i o n  c o s t s  may v a r y  be tween  r e m o t e  
l o c a t i o n s  a n d  u r b a n  areas, t h e s e  v a r i a t i o n s  w e r e  
n e g l e c t e d .  
CONSERVATION SUPPLY POTENTIAL RESULTS 
Each o f  t h e  c o n s e r v a t i o n  m e a s u r e s  s t u d i e d  was 
s i m u l a t e d  i n  s u c c e s s i o n ,  i n  o r d e r  o f  i n c r e a s i n g  CCE 
f o r  t h e  s e v e n  b u i l d i n g  t y p e s  d e s c r i b e d  a b o v e .  
Al though o n l y  r e p r e s e n t a t i v e  r e s u l t s  a r e  p r e s e n t e d  
h e r e  f o r  SFD-2, t h e  o f f i c e  b u i l d i n g ,  r e s i d e n t i a l  
a p p l i a n c e s ,  a n d  o f f i c e  l i g h t i n g ,  c o m p l e t e  r e s u l t s  
f o r  t h e  o t h e r  b u i l d i n g  t y p e s  a r e  g i v e n  i n  Ref .  1. 
( B e c a u s e  t h e  s i n g l e - f a m i l y  d w e l l i n g  s t o c k  d i s t r i -  
b u t i o n  is u n d e r  r e v i e w ,  t h e  SFD-2 r e s u l t s  a r e  
p r e l i m i n a r y  and  s u b j e c t  t o  l a t e r  r e f i n e m e n t . )  The 
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Table  1. B a s e l i n e  1980 E l e c t r i c  Energy Use-- 
R e s i d e n t i a l  Bu i ld ings  
1980 RNXROY USE 
Type 1 residmncs: 1000 aq f t .  pre 1961 vintsge. no AC 
SFDl BLFC 1 38565 1008 38.87 12416 1.00 0.48 21 
SFOl ELK 2 680'26 1008 68.51 15583 1.00 1.06 48 
SF01 ELK 3 6066 1008 8.11 21397 1.00 0.13 4 
SFDl GAS 1 201466 1008 204.09 2618 1.00 0.54 142 
SFOl GAS 2 351139 1008 360.00 2618 1.00 0.96 250 
SF01 GAS 3 31ffl5 1008 32.10 2618 1.00 0.09 22 
Type 1 reaiden-; 1000 aq f t .  pre 1961 vintage, with AC 
sml  E ~ C  I i!i4260 1008 15~.agim1u 4.39 2-70 474 
swi ELRC 2 ~ 7 ~ 1 0 6  iDDe i74;2e%zG ;;7i ii5i 71; 
SFDl ELFC 3 24263 1008 24.46 24867 3.99 0.60 68 
SFDl GAS 1 809863 1008 816.34 1436 4.39 6.02 2489 
SFDl GAS 2 1428555 1008 1439.98 1061 3.14 10.10 3140 
SPDl GAS 3 121380 1008 128.40 5001 3.99 0.14 356 
Type 2 rcaidence: 1630 aq Pt, 1961-1973 vintage 
SFD2 ELRC 1 44551 1630 72.62 33895 5.55 1.51 113 
Sm2 ELKC 2 78507 1630 121.97 36885 5.21 2.82 290 
SPD2 RLFC 3 1093 1630 11.66 39564 4.51 0.28 22 
SFDZ GAS 1 111169 1630 182.18 20449 5.55 2.29 434 
SF02 GAS 2 196951 1630 321.0419434 5.21 3.83 121 
SFD2 GAS 3 11196 1630 29.01 16628 4.51 0.30 56 
Type 3 re-idenca: 2600 aq f t ,  paat 1973 vintage 
SF03 ELBC 1 2ffllO 2600 14.02 39359 1.30 1.12 145 
SFD3 RLBC 2 50169 2600 130.44 39951 1.07 2.00 248 
SFD3RLRC 3 4533 2600 11.1940216 6.26 0.18 20 
SF03 GAS 1 31215 2600 81.16 21698 1.30 0.86 160 
SFD3 GAS 2 55008 2600 143.02 26445 7.07 1.45 212 
SFD3 GAS 3 4970 2600 12.92 23406 6.26 0.12 22 
FlulttPEmily 
UFO ELFC 1 132164 1210 161.85 16979 4.33 2.24 401 . 
MfD ELK 2 254486 1270 323.2011851 4.41 4.54 188 
PlFD GAS 1 10m62 1210 131.49 15140 4.33 1.70 328 
WIl GAS 2 208088 1270 264.21 16236 4.41 3.11 643 
-- -- - - - 
4854512 6639.23 R)T RBS USE 51.40 13059 
1980 ACTUAL 69.30 13361 
annual  energy saved w i t h  each measure was ca l cu -  
l a t e d  us ing  CIRA f o r  t h e  r e s i d e n c e  and DOE-2 f o r  
t h e  o f f i c e  b u i l d i n g .  C a l c u l a t i o n s  of energy sav ings  
f o r  r e s i d e n t i a l  a p p l i a n c e  and o f f i c e  l i g h t i n g  mea- 
s u r e s  were t aken  from p r e v i o u s  s t u d i e s  (9 )  and 
modified f o r  a p p l i c a t i o n  i n  Texas.  
The c o n s e r v a t i o n  measures  cons ide red  f o r  SFD-2 
and t h e  r e s u l t i n g  e l e c t r i c a l  energy and peak demand 
sav ings  a r e  l i s t e d  i n  Tab le  3  f o r  h e a t i n g  and c o o l i n g  
end uses .  Only r e s u l t s  f o r  Cl imate  Zone 2 ( C e n t r a l  - 
F t .  Worth) a r e  i n c l u d e d ;  t h e  o t h e r  c l i m a t e s  a r e  
r epo r t ed  i n  Ref.  1. The p o t e n t i a l  conserved ene rgy  
r e s u l t s  a r e  summed o v e r  t h e  b u i l d i n g  s t o c k  and p l o t t e d  
i n  Fig .  3 ,  where measures a p p l i e d  t o  bo th  a l l - e l e c t r i c  
and mixed-fuel houses  a r e  i nc luded .  Th i s  supp ly  
curve  i n c l u d e s  c o s t s ,  e l i g i b l e  f r a c t i o n s ,  and b u i l d i n g  
s t o c k s  f o r  ho th  new and r e t r o f i t  a p p l i c a t i o n s .  Note 
t h a t  t h e  f i r s t  f o u r  measures  can be  accompl ished f o r  
a  c o s t  o f  conserved energy of l e s s  t han  7~ /kWh.  For 
measures l e s s  t h a n  7~ /kWh,  app rox ima te ly  1 .2  ~ k W h / y r  1 
can be saved f o r  a l l  r e s i d e n c e s  i n  t h i s  c a t e g o r y  
and c l i m a t e  r e g i o n .  
Tab le  4 l i s t s  t h e  envelope  measures  cons ide red  
f o r  t h e  o f f i c e  b u i l d i n g  and t h e  r e s u l t i n g  e l e c t r i c a l  
energy s a v i n g s  and peak load  r e d u c t i o n s ;  t h e  r e l a t e d  
supp ly  c u r v e  i s  shown i n  F ig .  4. Measures a p p l i e d  
t o  bo th  a l l - e l e c t r i c  and mixed-fuel  o f f i c e s  a r e  i n -  
c luded .  The HVAC measures f o r  t h e  o f f i c e  a r c  shown 
s e p a r a t e l y  i n  Tab le  5 and F ig .  5 .  Note t h a t  t h e  
HVAC measures a r e  c o n s i d e r a b l y  more c o s t  e f f e c t i v e  
- -.- ----- 
l ~ o t e  t h a t  a  nominal  l a r g e  power p l a n t  (1000 FIW) 
s u p p l i e s  app rox ima te ly  5 BkWh/yr. 
B a s e l i n e  1980 E l e c t r i c  Energy Use-- 
Commercial B u i l d i n g s  
1980 SNBRCY USE 
-- 
(c) (0) ( R )  (F )  ( a )  (H)  ( I )  ( J )  
1980 STOCK PRR n w a  TOTAL 
Office building: 49,000 81q f t  
OFF ELRC 1 188861 348 65.12 25.3 9.0 1.66 413 
OFF RLRC 2 162881 348 126.2E 26.0 9.0 3.28 792 
OFF GAS 1 125908 348 43.82 22.3 8.2 0.98 251 
OFF GAS 2 241921 348 84.19 21.9 8.2 1.85 483 
Retmil s tore:  12,000 sq f t ,  s t r i p  r e tn i l  
RBT BLEC 1 131501 169 105.14 28.3 10.2 3.00 153 
RBT ELFC 2 192720 169 148.20 21.1 10.3 4.10 1061 
aRT GAS 1 99569 769 7 6 . 5 7 2 7 . 2  10.2 2.08 518 -
RBT GAS 2 140233 169 107.84 24.8 10.2 2.68 712 
Educations1 building; 113,000 sq f t  
8nW RLEC 1 1661 1112 1.95 9.9 8 .1  0.02 12 
EDUC ELK 2 3203 1172 3.15 9 .8  8.2 0.04 22 
EOUC GAS 1 12'224 1112 14.33 9.2 8.1 0.13 87 -- 
BOW GAS 2 23488 1112 21.53 7 .9  8.2 0.22 159 
Mi~csllnneoua buildings 
(YI1(BR ALL ALL 635083 669 991.81 24.1 10.5 23.90 - 1290 
1.530176 805.92 WI'COEH USE 43.94 12650 
1960 ACTUAL 44.00 12701 
than a r e  t h e  en\ -e lope  measures .  Whereas f i v e  WAC 
measures  a r e  a c h i e v a b l e  a t  l e s s  t h a n  7~ /kWh,  on ly  
t h r e e  enve lope  measures  a r e  a c h i e v a b l e  a t  l e s s  t h a n  
t h i s  CCE. A 1 .0  BkWh/yr p o t e n t i a l  s a v i n g s  f o r  
envelope  measures  and a  3 .0  BkWh/yr p o t e n t i a l  s a v i n g s  
f o r  HVAC measures  a r e  i n d i c a t e d  a t  under  7~ /kWh.  
When s e l e c t e d  a p p l i a n c e  c o n s e r v a t i o n  measures 
a r e  a p p l i e d  s t a t e w i d e  t o  a l l  s i n g l e - f a m i l y  and m u l t i -  
f ami ly  r e s i d e n c e s ,  shown i n  Tab le  6 and Fig .  6  f o r  
r e f r i g e r a t o r s  and f r e e z e r s ,  t h e  r e s u l t s  a r e  s t r i k i n g .  
Here a l l  measures  cons ide red  have  low c o s t s  t o  t h e  
consumer and t h e r e f o r e  r e s u l t  i n  low c o s t s  of con- 
s e rved  ene rgy ,  even though t h e  s a v i n g s  f o r  each 
measure a r e  modest .  Note t h a t  a l l  measures  have 
c o s t s  of C o n s e r ~ ~ e d  energy below 5c/kWh and r e s u l t  i n  
p o t e n t i a l  s a v i n g s  o f  14 BkWhIyr. 
S i m i l a r  b u t  n o t  a s  d r a m a t i c  r e s u l t s  occu r  For 
l i g h t i n g  measures  i n  o f f i c e  b u i l d i n g s .  As was t h e  
c a s e  of r e s i d m t i a l  r e f r i g e r a t o r s  and f r e e z e r s ,  t h e s e  
c l ima te - independen t  measures  a p p l y  s t a t e w i d e  and a r e  
summed over  a l l  t h e  o f f i c e  b u i l d i n g  s t o c k  a s  shown 
i n  Tab le  7  and F i g .  7 .  Note t h a t  t h r e e  no -cos t ,  
o p e r a t i o n a l  measures  p o t e n t i a l l y  cou ld  s a v e  0.67 
BkWh/yr; t h e  remaining measures  cou ld  s a v e  an  ad- 
d i t i o n a l  0.33 B!d.lh/yr a t  l e s s  t h a n  6c/kWh. L i g h t i n g  
measure r e s u l t s  f o r  o t h e r  b u i l d i n g  t y p e s  a r e  p re sen ted  
i n  Ref.  1. 
The f i n a l  s e t  of c u r v e s  ( s e e  T a b l e s  3-7 and F i g s .  
8 and 9) show r e p r e s e n t a t i v e  peak demand r e d u c t i o n  
r e s u l t s  f o r  o f f l c e  b u i l d i n g  enve lope  and HVAC mea- 
s u r e s .  F i g .  8 :shows t h a t  f o r  enve lope  measures  
a p p l i e d  t o  a l l  o f f i c e  b u i l d i n g s  s t a t e w i d e .  two mea- 
s u r e s  t h a t  a d d r e s s  g l a z i n g  s o l a r  g a i n s  and h e a t  l o s -  
s e s  could  p o t e n t i a l l y  r educe  peak demand by 170 i.tW 
a t  a  c o s t  of l e s s  t han  $1700/kW. S i m i l a r l y ,  F i g .  9  
shows t h a t  f o r  HVAC sys t ems  measures  a p p l i e d  t o  a l l  
o f f  i c e  building:; ,  f o u r  measures  cou ld  p o t e n t i a l l y  
r educe  peak demand by 370 MW a t  a  c o s t  of l e s s  t h a n  
$1700/kW. Thus,  i n  o f f i c e  b u i l d i n g s  HVAC measures  
have abou t  t w i w  t h e  peak demand r e d u c t i o n  p o t e n t i a l  
of enve lope  measures .  For SFD-2 h e a t i n g  and c o o l i n g  
measures (no t  shown h e r e ) ,  t h e  peak r e d u c t i o n  
p o t e n t i a l  is 860 LW a t  a  c o s t  of l e s s  t h a n  $1100/kW. 
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Table  3 .  Hea t ing  and Cool ing Conse rva t ion  Measures 
For SFD-2 (1630 sq  F t ) ,  C l ima te  Zone 2 
( F o r t  Worth) on ly  
SWPLY CURE LEGEND BASE COYSWIPIIOYI 15885 KYH IA l l - r l e c l  I9414 KHI 16rc h a t )  
BASE PEAK: 5.3 KY 
Srvlnqr are c r l cu l r t ed  l r o l  ClRA runs 
EN0 USE UITEBORY: H e r t ~ n q  m d  h o l ~ n q  
COST 1 0  LIFE SRVIN6S CCE lR1TROFITl 
--------- ----- -----------. - -------.-- 
ID COPE NOTES DESCRlPllCN NEY LI IYRSl KYH K Y  I I K W  IIKY 
E l # r t r ~ c a l l y  healed b u ~ l d ~ n g s  
Auto 5 F h tp  l. c l q  r e t b a c  1W 120 20 
Seal ducts b2 80 20 
I n t a l o r  shade5 l r r l l r c t ~ v e l  U S  175 10 
Ce i l l nq  lnsu la t lon - add R19 200 754 20 
Exter ior  Shrds b13 613 17 
h u b l r  qlazed r lndors 589 589 20 
Hiqh r f l  At 700 4000 20 
C ru l hnq - r t hc  L c r ~ l i n q  100 Jab I 5  
O u t  k i n q - r r l l r  175 499 IS 
Yerthrrstripplnq-rlndorr 50 92 5 
Furl h ra t r d  b i l d i n q c  
SEFHWI 2 Auto S F htq I. c l q  r e t b r c l  120 120 20 21bP 0.00 0.007 0 
Y W 3 2  2 Seal ducts U 80 20 324 0.00 0.030 0 
SEFE201 2 I n t e r l o r  shrdrs l r d l r c t i v e l  175 375 10 581 0.00 0.112 0 
SEFf204 1,2 Cei l lnq i n r u l r l i o n  - rdd RIP 200 754 20 160 0.09 0.518 8178 
IOTES: 
1. R r r r u r r  does not rpperr CJI supply curvr dur to  11s r e l r t l v r l y  hlqh CCE or perk reduct~on.  
7. I lrarure applies t o  qas heated bu i ld ings m d  i s  p lo t ted on l hc  sa le  supply curve as other 
asarures Iqrs hr r ted l e r su r r  h r s  r h~qher  CCE lhan t h r  corrrspondlnq nctsurr  l o r  m 
r l r c l r l c t l l y  heated bulldinq. 
Table  4 .  Envelope Conse rva t ion  Measures For O f f i c e  
B u i l d i n g  (49,000 sq f t ) ,  A l l  C l ima te  Zones 
SUPPLY CURVE LEEEND 8RSE COWSUI(P1lOHr UEClRlCkLLY HEATEO 17b540O KYH I F t  Yorthl 
----------------.-- 1230000 KYH I L u s l o n l  
FUEL MATED lOb7l00 KYH l i t  Yorthl 
1081600 KYH lHoustonl 
BA9E PERK1 Ub.0 YY I F t  Yorthl 417.1 KY IHouslonl 
END U Y  CAIESORY: Envrlopr Stvrnqr rrr c r l cu l r t ed  f ro# DOE-2 runs 
OIEE201 I Yindoa l i l r s  12139 12119 20 MbOO 20.80 0.022 504 
IIWEE?O2 I n t e r l o r  shades ( r r l l l  IMP9 I4bW 20 M00 8.90 0.041 Id52 
CUEE201 J Mall l n s u l r t ~ o n  5024 37077 20 0 0 0  0.M 0.719 b3128 
OW204 2 louble glazed r indors 12070 44890 20 95900 12.60 0.05b 1561 
OWEE205 J Llpht  co lor  roo1 t rer laent  11776 17545 I 5  1100 0.40 2.165 41863 
OXTEDOl I Yindor f i l l s  12139 I2 I39 20 Y500 20.80 0.02b 584 
OIFE002 l n t s r l o r  shrdss l r e l l l  I4699 I4b99 20 28MO 8.90 O.Ob2 I M 2  
ORFEW3 1,2 Wr l l  ~ n w l a l ~ n n  SO24 57877 20 I 5 W  0.40 5.019 U l 7 8  
OMFEU04 Double qlrzed 111nd0~5 12070 44090 20 19200 I2.bO 0,137 J561 
OYFEOOS 3 Llqht co lor  roof l rc r taent  12776 17545 15 1300 0.40 1.012 BBbT 
nons1 
I. Rlrsure r r s  lo tmded l o  r r p r c r r n t  several poss ib l r  optlons l o r  so lar  shade conlrol. The 
o t h w  q t i o n s  Ir lndow c c r n c ,  lid shading devices, c t c l  r e re  p r r d l c t r d  t o  have r h i (hr r  
CCE based on r p r c l l n i n r r y  s e n r ~ t i v i t y  m r l y s l s .  
1. Recure rtr s i l u l r t r d  w t  o l  l r de r  bawd  on CCE. 
J. l l c r rws  does no1 rppsrr on supply curvr  dur t o  i t s  r r l r l i v e l y  h lqh CCE or p r r k  r rdrc t lon.  
CONCLUSIONS AND RECOWENDATIONS 
Although t h i s  pape r  p r e s e n t s  o n l y  a  few pre- 
l i m i n a r y  r e s u l t s  O F  o u r  F u l l  s t u d y ,  t h e y  a r e  r e p r e -  
s e n t a t i v e  of e l e c t r i c a l  energy s a v i n g s  and peak 
demand r e d u c t i o n s  t h a t  p o t e n t i a l l y  could  be  ach ieved  
i n  Texas.  These p r e l i m i n a r y  r e s u l t s  s u p p o r t  t h e  
fo l lowing  conc lus ions :  
0.01 
o , , , , . , , , , , , , . .  
1 0 0  a40 L O O  1.10 0  1.00 140  1JO 
Fig .  3 .  
m s :  1. 
2. 
3. 
EDASIRRD INIRE). IDlWRm 
Conse rva t ion  supp ly  c u r v e  f o r  h e a t i n g  and 
c o o l i n g  measures  i n  SFD-2 (1630 ~ t ~ ) ,  
C l ima te  Zone 2  ( F t .  Worth) on ly .  
New end retrofit meaaures applied over total building 
ntock using appropriate eligible fractions. 
Measures applied to both all-electric and mixed-fuel 
buildings. 
Numbers on curve correspond to last 2 digits of ID 
CODES in Table 3; "f" denotes mixed-fuel case. 
Fig .  4 .  Conse rva t ion  s u p p l y  c u r v e  f o r  enve lope  2 
measures  i n  o E f i c e  b u i l d i n g  (49,000 f t  ). 
a l l  c l i m a t e  zones .  
NOTES: 1. New and retrofit measures applied over total building 
atock wing appropriate eligible fractions. 
2. Measures applied to both all-electric and mixed-fuel 
buildings. 
3. Numbers on curve correspond to laat 2 digita of ID 
CODES in Table 4; "f" denotes mixed-fuel case. 
1. Cons ide r ing  b u i l d i n g  s t o c k s  t h a t  accoun t  
f o r  l e s s  t han  20% of Texas  e l e c t r i c a l  energy u s e ,  
t h e  p o t e n t i a l  Eor e l e c t r i c a l  ene rgy  s a v i n g s  a t  l e s s  
t han  t h e  c u r r e n t  a v e r a g e  p r i c e  of e l e c t r i c i t y  ( 6 - 7 ~ /  
kwh), is approx ima te ly  20 BkWh/yr i n  t h e  y e a r  2000, 
which is e q u i v a l e n t  t o  t h e  app rox ima te  o u t p u t  OF 4 
l a r g e  power p l a n t s .  These  p o t e n t i a l  s a v i n g s  a l s o  
r e p r e s e n t  abou t  14% of t h e  y e a r  2000 p r o j e c t e d  Texas 
a n n u a l  e l e c t r i c i t y  u s e  a t  f r o z e n  e f f i c i e n c y .  
S i m i l a r l y ,  t h e  p o t e n t i a l  f o r  peak demand reduc-  
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Table  5. HVAC Systems Conse rva t ion  Measures f o r  
-- 
O f f i c e  B u i l d i n g  (49,000 sq  f t ) ,  A l l  
Cl imate  Zones 
SUPPLY CURVE LEGEND BRSE COYSUIP11011: 615 HEATED - l0bllOO XYH l i t  Yorthl 
lOObO0 KYH lHouslonl 
REC I(LbIED - IZb#OO XYH l i t  Yorthl 
l2J08W KYH (Houston) 
BASE PEAK: 416.0 XY I F t  Yorlhl 417.1 KY IHaushnl 
EMU USE CATEGORVI HVAC rjstems Savinqs r r s  c r l cu l a t r d  lrom OOE-2 runs 
IYlOflOl I Converr~on t o  VAV ISM0 IWOO 20 283700 40.60 0.008 4h0 
DWfHMl I Conve r r~m t o  VAV 15600 19000 20 251500 40.60 0.010 1b8 
DHEH202 2,3 Hydron~c heat pump loop 241J2 24JJ2 20 I Z K W  0.00 0.021 - 
OW203 Evaporative cooling 6102 17968 20 120500 26.70 0,018 1422 
ONFH204 Reduce system 51ze 1520 1700 M 7OW 5 0  0.029 486 
OW205 3 Controls package bdP5 bhP5 20 28800 0.00 0.028 - 
OYFH20h 5 Higher COP caollnq equlp 20459 JOl72 20 16200 12.20 O.22J 24lJ 
OWFH?07 Higher e l l  f m  motors 6587 b587 10 6700 4.10 0.171 Id07 
OHFH208 4,5 Chilled water sturaqe 15000 55000 20 0 54.M - 4815 
YOKE: 
I. Both lue l  heated bu l ld lnq m d  e l p r ~ r i c r l l y  hertcd bu i ld ing resu l t5  appear on Ihe rrme 
supply curvc. Becruse 01 the addi t lonr l  e l e c t r i c i L ~  ravlnqs ~n e l ec t r i ca l l y  healed 
b u ~ l d ~ n q s  those mearures a l r r y s  rpprar f i r r t .  
2. l h ~ s  measure mas coq r red  t o  measure II fur  system convnslon. I hc  mare cost m l l r t t i v e  o l  
the two IVAV c o n r ~ r r i o n l  becrmc t h r  i n s t a l l ed  system type l o r  subscqumt meaasures. 
J. Ileasurm d l d  not sham any peak r rduct ion md doer not rpperr on the pe r t  supply curves. 
4, Iersure d i d  not shou conrumptlon r educ t~on  and docs not apperr an supply curves. 
5. Iersure doer not rpperr on supply curve due t o  1 t i  relatively hiqh CCE or pcrk rmductlm. 
Table  6. R e € r i g e r o t o r / F r e e z e r  Conse rva t ion  Measures 
--
f o r  A l l  S i n g l e  and Mul t i f ami ly  Res idences ,  
A l l  Cl imate  Zones 
SUPPLY CURVE LEGEND EASE COYSUIPIIDH: See notes be lor  
LhD USE CATEGORY: Rel r lqerr tors  
COST Ill LIFE WlVlN6S 
--------- ----- ------------ 
LABEL DESCRIPIIOY HEY RE1 IVRSl KlH KY 
R e l r ~ g e r a t m  
II SBS - buy e l l ~ c l e n t  model 16 l h  I 9  1292 - 
B BIAD - buy e l l t c ~ e c t  model 19 I 9  I 9  1404 - 
b W - buy e l l ~ c l m t  model 22 22 I 9  911 - 
9 BfAD - CPES ~mpro,ement I 1  II I 9  326 - 
I 2  SBS - CPES ~ r p r u v e w n t  1 4 I 9  109 - 
4 PAD - buy e l l l c l e n t  model J5 15 I 9  675 - 
1 9811 - buy e i l ~ c ~ p n t  mudsl 22 22 I 9  I80 - 
2 SUM - CPES ~mprorement I 8  18 I 9  115 - 
I 0  &AD - IV87 ~mprorement 75 15 IS 275 - 
I1 SBS - 1987 Impnrement I W  100 I 9  350 - 
7 TRF - I987 ~ m p r o r e r n t  75 75 19 157 - 
5 PA0 - IP87 ~mprovement M h0 I 9  180 - 
J SO# - 1787 improvement SO 50 I 9  130 - 
Freezers 
14 CUD - Buy e l l ~ c l m t  model I 2  I 2  21 771 - 0.002 - 
IS CM - CKS ~mprovements I J  1J 21 I68 - 0,007 - 
l h  LHO - Buy e t f m e n t  modtl 1 11 21 975 - 0.W4 - 
I 7  URD - CPES improvernt r  I 2  I2 11 118 - 0.012 - 
In UAO - Buy r f f i c l e n t  model 25 25 21 IUM - 0.002 - 
I ?  UAD - CPES improvennts 20 20 21 258 - 0.609 - 
YOIESI Brsmcase unit Brsecasm un i t  
cnerqy consumpt~on mergv cansumptian 
IKIHIYRI IKYHIVRI 
Rm l r l gm to r s  i r e e z s s  
SBS = Side By Side 2390 CID = Chest Umual Dmlralt 1081 
PAD = Pa r t i a l  Auto Del ror t  1407 UUB - Upright I l aua l  Del rur t  I J01  
SCll = Sinple h o r  L n u a l  810 URD . Upnqhl  butomrtic Belrost 22M 
WAD = Battom Freezer, Auto Del 1018 
TIF = lop flaunt Freezer iP80 
CPES = Consumer Products E t l i c ~ e n c y  Stmdrrds 
1981 improvsm~nt = Hlqh e l l i c i c n t v  com~ressor + Increased mall l n su l r t i on  r v r i l ,  by I987 
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Fig .  5. Conse:cvation s u p p l y  c u r v e  f o r  HVAC s y s  em 5 measures  i n  o f f i c e  b u i l d i n g  (49,000 f t  ), 
a l l  c l i m a t e  zones .  
NOTES: 1. New ~ m d  retrofit meaeures applied over total building 
mtoclt uaing appropriate eligible fractions. 
2. Measwen applied to both all-electric and mixed-fuel 
buildings. 
3. Nusbsrs on curve correspond to last 2 digits of ID 
CODE3 in Table 5; "f" denotes mixed-fuel case. 
Fig .  6. Conse rva t ion  supp ly  c u r v e  f o r  r e f r i g e r a t o r /  
f r e e z e r  measures  i n  a l l  r e s i d e n c e s ,  s i n g l e  
and m u l t i f a m i l y ,  a l l  c l i m a t e  zones .  
NOTES: 1. Aamumes total refrigerator/freezer stock is replaced 
at 5% per year over 20 year period. 
2. Nmbers on curve correspond to LABELS in Table 6. 
t i o n  f o r  t h e  s.sme modest f r a c t i o n  of t h e  b u i l d i n g  
s t o c k s  c o n s i d e r e d  h e r e  ( b u t  exc lud ing  r e s i d e n t i a l  
a p p l i a n c e s  and o f f i c e  l i g h t i n g )  i s  app rox ima te ly  
1400 HW a t  l e s s  t han  $1700/kW, t h e  p r e s e n t  c o s t  of 
a  c o a l - f i r e d  p l a n t .  
2 .  For  commercial  b u i l d i n g s ,  WAC sys t ems  
measures have  c o n s i d e r a b l y  g r e a t e r  p o t e n t i a l  f o r  
energy and peak demand s a v i n g s  t h a n  do enve lope  
measures .  
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Table  7.  O f f i c e  Bu i ld ing  L i g h t i n g  Conse rva t ion  
Measures. A l l  Cl imate  Zones 
SUPPLY CURVE LEEEND BhSL COEUllPllOllr 6.90 KYHISF-IR 
E M  USE CRTLEORII Lightinq 
ID MOE LIBEL DESCRlPTlON 
onLaos 1 fIo-Dela1p - no replacement 0.00 O.M) I 4  1.45 - 0.000 - 
OEEL004 4 Flo-Delaap - Dua* rrplrceaent 0.00 0.00 14 1.45 - 0.000 - 
OEELOO5 5 flu-Delanp - Raactlve replaceaent 0.00 0.00 14 2.11 - 0,000 - 
OEELOOb 6 Lor rat taqe lluoreccent 0.05 0.05 5 0.67 - 0.021 - 
OEELOOI I Htqh e l f :c~pncy c o r r l r o l l  O.I? 0.19 I 4  0 . M  - 0.019 - 
OEEL002 2 E l ~ t r o n ~ r  r o l l 3  s t r t e  bal last  0.56 0 . X  I 4  1.18 - 0.M7 - 
MOTES: $10-DeIrap = Fluorexent delamplnq 
RI I  r a r ~ n g s ,  coctl, m d  coi ls  01 conrsrved enerqy are psr square loot 01 0 0 0 r  area 
Because t h e  s t a t e w i d e  d a t a  b a s e  f o r  Texas b u i l d i n g  
s t o c k  and energy u s e  c h a r a c t e r i s t i c s  is  incomple t e ,  
we recommend t h a t  a  h i g h  q u a l i t y  d a t a  b a s e  be  
e s t a b l i s h e d  s o  t h a t  t h e  r e s u l t s  o f  t h i s  s t u d y  can 
be  r e f i n e d  and extended.  
ACKNOWLEDGEMENTS 
The a u t h o r s  wish  t o  t hank  Sharon Moore and John 
McElroy, who c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  com- 
p l e t i o n  of t h i s  p r o j e c t .  
REFERENCES 
1. Hunn. B .  D . .  Rosenfe ld .  A .  H . .  Baughrnan, >I.  L.. 
Akbar i ,  H . ,  a n d . ~ i l v e r ,  S .  . c . ,  ~ e c h n i c a l  p o t e n t i a l -  
f o r  E l e c t r i c a l  Energy Conse rva t ion  i n  t h e  Texas 
Bu i ld ing  S e c t o r ,  Cen te r  f o r  Energy S t u d i e s  r e p o r t  i n  
p r e p a r a t i o n ,  The U n i v e r s i t y  of Texas a t  A u s t i n ,  
Aus t in ,  Texas,  1985. 
2. S o l a r  Energy Research I n s t i t u t e ,  A New P r o s p e r i t y :  
Bu i ld ing  a  S u s t a i n a b l e  Energy F u t u r e ,  Br i ck  House 
P u b l i s h i n g ,  Andover, N a s s a c h u s e t t s ,  1981. 
3.  Ne ie r ,  A . ,  Wright ,  J . ,  and Rosen fe ld ,  A .  H . ,  
Supplying Energy throufih G r e a t e r  E f f i c i e n c y ,  Uni- 
v e r s i t y  of C a l i f o r n i a  P r e s s ,  Be rke l ey ,  C a l i f o r n i a .  
1983. 
4 .  P u b l i c  U t i l i t y  Commission of Texas ,  Long-Term 
E l e c t r i c  Peak Demand and Capac i ty  Resource F o r e c a s t  
f o r  Texas,  Vol. 1, 1984. 
5. Energy In fo rma t ion  A d m i n i s t r a t i o n ,  U.S. DOE, 
R e s i d e n t i a l  Energy Consumption Survey: Consumption 
and Expend i tu re s ,  A p r i l  1981 through March 1982,  
P a r t  2 ,  Regional  Data ,  (DOEIEIA-032112 ( 8 l ) ) ,  
November 1983. 
6. Energy In fo rma t ion  Admin i s t r a t i on .  U.  S. DOE, 
-. 
N o n r e s i d e n t i a l  Bu i ld ings  Energy Consumption Survey:  
1979 Consumption and Expend i tu re s ,  P a r t  1, N a t u r a l  
Gas and E l e c t r i c i t v  (DOEIEIA-318/1) and P a r t  2. 
< - 
Steam. Fue l  O i l ,  LPG, and A l l  ~ u e l s  (DOEIEIA-3i8 
( 7 9 ) / 2 ) ,  1983. 
7. U.S; Bureau of t h e  Census ,  1980 Census o f  
Housing: Vol. 1 C h a r a c t e r i s t i c s  of Housing U n i t s  
(Texas ) ,  Vol. 2 H e t r o p o l i t a n  Housing C h a r a c t e r i s t i c s  
(Texas) , 1984. 
8.  U.S. Bureau of t h e  Census,  County Bus ines s  Pa t -  
t e r n s  1982: Texas;  1982 Census of R e t a i l  Trade .  
Geographic Area S e r i e s :  Texas;  1982 Census of 
S e r v i c e  I n d u s t r i e s ,  Geographic  A r e a s f i e s :  Texas ,  
1984. 
9. Conservat ion  Data Base f o r  t h e  P a c i f i c  Nor thwest ,  
F ig .  7. Conse rva t ion  supp ly  cu rve  f o r  l i g h t i n g  
measures  i n  a l l  o f f i c e  b u i l d i n g s ,  a l l  
c l i m a t e  zones .  
NOTES: 1. New and retrofit aeaauree applied over total building 
etock using appropriate eligible Fractione. 
2. Numbers on curve correnpond to lant 2 digits of ID 
CODES in Tabla 7. 
F i g .  8 .  Peak demand r e d u c t i o n  c u r v e  f o r  enve lope  
measures  i n  o f f i c e  b u i l d i n g s ,  a l l  c l i m a t e  
zones .  
NOTES: 1. New and retrofit measuraa applied over total building 
atock using appropriate eligible fractions. 
2. Measures applied to both all-electric and mixed-fuel 
buildings. 
3. Numbere on curve correapond to laat 2 digita of ID 
CODBS in Table 4: "f" denote8 mixed-fuel case. 
LBL r e p o r t s  17055 (November 1983) and 18107 (November 
1983) .  
10 .  Lawrence Berke l ey  Labora to ry .  DOE-2 Refe rence  
Nanual,  Lawrence Berke l ey  Labora to ry  r e p o r t  LBL- 
8706, Rev. 3 ,  1981. 
11. B a t t e l l e  P a c i f i c  Northwest Labora to ry ,  "Recom- 
mendat ions  f o r  Energy Conse rva t ion  S tanda rds  and 
G u i d e l i n e s  f o r  New Commercial B u i l d i n g s , "  Vol. IV-B 
th rough  J ,  P a r t  2 ,  B a t t e l l e  Repor t  PNL-4870-15, 1 8 ,  
21 ,  24 ,  2 7 ,  30 ,  33,  36 ,  and 39 (October  1983) .  
12.  Broughton, J .A. ,  J o n e s ,  J .  W . ,  Crow, C .  A . .  
ESL-HH-85-09-45
Proceedings of the Second Symposium on Improving Building Systems in Hot and Humid Climates, College Station, TX, September 24-26, 1985
-I 
0 a00 40# #OO 8W 
H A X  D I Y I W .  R.DUFnOH IYN 
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